Abstract-This paper presents the design, simulation and fabrication of a low noise amplifier with high gain of 1.5GHz. In communication systems, there is always difficulty in distinguishing the received signal from noise at very low signal powers. A low noise amplifier (LNA) is an effective and low-cost way of enhancing this signal quality through signal amplification at the receiver. In this work, LNA simulation and a novel design was carried out using the N76038A field effect transistor (FET). To ensure it is stable over a wide range of frequencies, the input and output stability of the transistor were plotted over its operating frequencies (0.1 GHz to 18 GHz). Constant gain and noise figure circles were plotted and the source impedance properly chosen. The input network was matched to the source impedance and conjugate matching used to match the output. The schematic was converted to microstrip and produced on a printed circuit board. Testing was carried out using the vector network analyzer (VNA) and matching errors then corrected by calibration process. The fabricated LNA has a gain of 13.76dB and noise figure of 1.57dB which is in close agreement with a simulation result of 14.25dB and 1.56dB respectively.
I. INTRODUCTION
Signal transfer, that is, the transmission and reception of signals, is the primary feature of communication systems. A communication system is essentially made up of a transmitter system and a receiver system. The detection and processing of a wide variety of weak signals of all sorts is an essential requirement of a proper receiver system. Signal amplification could be explained as the enhancement of a received signal power by the receiving antenna to a process able level. This amplification process is undertaken by an amplifier which is a very important component of the receiver system. At very low signal powers, noise has been known to have a negative effect on the received signal, making it difficult to distinguish the signal from the noise [1] . The signal to noise ratio (SNR) is a known standard for the determination of signal quality, which is a measure of relative strengths of the signal versus the amount of noise in a signal at any port of the receiver system. High noise in the signal means a low SNR and less signal quality at the output. Various techniques are used to improve SNR and these include enlargement of the size of the receiving antenna or increase in transmitting power of the transmitter [1] .
In addition to the above mentioned techniques, the incorporation of a low noise amplifier (LNA) into the receiver system is another well-known technique, which can be more effective and less expensive [2] . LNA is an electronic device employed mostly in wireless communication systems for signal amplification and simultaneous noise filtering [3] . It's normally placed at the front-end of the receiver unit as shown in Fig. 1 . In a multi-stage amplifier system, the effect of noise figure of the first element becomes clearer by looking at Friis formula as shown in (1) [4] . 
From (1), it can be observed that in a receiver system of cascaded elements, the noise figure of the first element has a very strong influence on the total noise figure of the system. So LNA being at the front end of the receiver should be able to amplify very low signals with a high gain and low noise figure. This paper focuses on the design of a LNA at a frequency of 1.5 GHz with a high gain and at the same time minimizing the noise. A good LNA normally has a low noise figure (about 1 dB), and a large gain (about 15 dB). Some other features include: operating bandwidth, stability, and voltage standing wave ratio [2] . Stability is a very crucial property of an LNA and is described as the ability of the amplifier to operate without introducing oscillations [4] . Stability has a very large effect on the functionality of the amplifier over a large range of frequencies. Hence, the stability of the FET used in the design of the LNA here was Design and Fabrication of a 1.5GHz Microwave Low Noise Amplifier with Suitable Low-noise and High Gain Characteristics
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principally considered and a comparison of simulation and experimental (fabrication) results presented. Several researchers have presented their work in towards the realization of a LNA with pointers to the important considerations to a good LNA design. Researchers in [6] presented the design and performance of a 12GHz LNA with a gain and noise figure of 8.90 dB and 2.19 dB respectively. They highlighted stability, gain and noise figure as important consideration in LNA design. A similar view was presented in [7] and transistor gain (GT) described as the most useful gain consideration for amplifier design as it accounts for both the source and load mismatch. The importance of stability, high gain, and low noise in the design of a good and functional amplifier was also highlighted in [8] . The stability of the amplifier was stated to have a high dependence on the reflection coefficients at the source and load. The study further provided an alternative way to accurately adjust the stability of the amplifier via the addition of two RLC circuits between the gate-earth and drain-earth of the amplifier and also portrayed the importance of impedance matching in order to attain maximum power transfer.
The steps that are normally followed in the design of a low noise amplifier were stated in [9] , which include transistor selection, transistor biasing, impedance matching, noise figure, gain selection and input matching. It was noted that a mismatch in the input impedance matching network can be used for better noise figure but that will be at the expense of the amplifier gain. In [10] an alternative way to achieve high gain and good noise figure in the design of the low noise amplifier was proposed. It involved the inclusion of a wikinson power divider whose performance has a direct influence on the overall performance of the balanced low noise amplifier in terms of gain and input/output matching. A low power CMOS low noise amplifier working at a frequency of 2.4 GHz was proposed in [11] . In the design, current reuse architecture was employed to reduce the current utilized, and to meet the low voltage requirement of the amplifier. In [12] current reuse technology was similarly used in the design of a fully integrated 5 GHz low noise amplifier.
Researchers in [13] presented a low noise ultra-wide band amplifier on 0.18 µm technology, using inductive degenerative technique. This technique was used for the amplifier design to improve the noise characteristics and also for the reduction of the broadband noise figure under low power operating conditions. The designed amplifier produced a gain of 10 dB and a noise figure of 4.68 dB. Apart from this, most of the reviewed work focuses on frequencies higher than 1.5GHz, and part of the reason for this is that at very low frequencies it becomes harder to obtain high gain and low noise figure. This paper presents the design, simulation and fabrication of an LNA at 1.5GHz with high gain and low noise figure using microwave office and an N76038A FET.
II. LNA DESIGN AND SIMULATION
The basic block diagram of an LNA circuit is as shown in Fig. 2 . Fig. 2 . Basic block diagram of LNA circuit [7] .
The LNA was designed and simulated at a frequency of 1.5 GHz using Microwave office. The transistor used in the design is the N76038A FET. To achieve the aim of this design, the following steps were taken: (1) Importation of the N76038A FET into microwave office (2) Stability consideration (3) Gain and noise figure selection (4) Input and output matching (5) Complete design and simulation.
A. Stability Consideration
In order to determine the stability of the N76038A FET, the numerical values of its S-parameters at 1.5GHz was extracted using microwave office as shown in Fig. 3 . The determinant and stability factor, k was calculated from the highlighted values shown in Fig. 3 using (2) and (3) respectively [5] . 
The value of = 0.6<33.9, and substituting this in (3) gives k = 0.346, which shows that the FET is conditionally stable at 1.5GHz. Fig. 4 shows the stability plot of the transistor over the device operating range. The marker shows that at 1.5 GHz the stability factor is 0.249, which means that the transistor is conditionally stable. 
B. Gain and Noise Figure Selection
The constant gain and constant noise figure circles are plotted for the NE76038A to obtain the impedance at which there is a compromise between low noise figure and high amplifier gain. The plot is shown in Fig. 6b which represents the constant gain and noise figure of the transistor. Five circles each were plotted for both the constant gain and constant noise in order to obtain a larger range of gains and noise figures to choose from. The constant gain circles (p1-p5) were shown on the plot by the pink circles while the blue circles (p6-p11) are the circles for constant noise figure. The numerical values for the gain and noise figure obtained are shown in Table I . The transistor is more unstable at the output region and will cause some oscillations if not properly managed so a compromise impedance was chosen within the stable regions of the transistor. This will help avoid the oscillations and improve the performance of the LNA. Also in choosing the source impedance, the closer the impedance is to the matching point, the more stable the designed LNA will be. The source impedance was chosen at the intersection of circles p3=14.348 dB and p8=1.5256 dB because this had a high gain and also a considerably low noise figure. The plot is as shown in Fig. 6 
C. Input and Output Matching
The input matching network is made up of a series transmission lines and the open stub matching technique was employed in this work. To match the input network to the source impedance, the electrical length of both the series stub and the open stub were tuned to obtain the impedance. The electrical lengths of the stubs at which the network was matched to the source impedance are: Ls=39 0 and Lo=153 0 , where Ls is the series transmission line electrical length and L0 is the open stub electrical length.
The output network was matched using conjugate matching to make sure that the reflection coefficient is matched to 50Ω which is the characteristic impedance. Also the output matching network is made up of a series transmission line and an open stub for matching. The electrical lengths of the transmission lines were also tuned to obtain the reflection coefficient matching.
The electrical lengths of the transmission lines for the output matching network at which the impedance matching was obtained are: Ls=53. On completing the design of the LNA with the obtained transmission line and stub lengths, the LNA gain and noise figure graphs were plotted as shown in Fig. 8 . The plots on Fig. 8 represent the gain and noise figure obtained from the LNA design. They are 14.4 dB and 1.53 dB shown by the pink and blue plots respectively which is a slight deviation from the chosen parameters.
D. Conversion to Microstrip
The microstrip is very important in the realization of the physical layout of the designed circuit. This serves as a medium through which the designed schematic circuit can be converted to a layout and then produced on a printed circuit board (PCB). The microstrip line that was employed in the design of the LNA is the MLIN used to simulate both the series transmission lines and the open stub. The microstrip schematic diagram for the LNA is as shown in Fig. 9 . Feedlines of 16mm each were incorporated at both ends of the LNA. This is for ease of connection to the network. The plots for gain and noise figure obtained from the microstrip circuit of the LNA are shown in Fig. 10 . Fig. 8 and 10 shows that after the conversion to microstrip, the gain dropped from 14.4dB to 14.25dB while the noise figure increased from 1.53dB to 1.57dB. This slight drop in gain was caused by predictable losses that occur following fabrication, while the increase in noise figure is as result of the noise created by the microstrip lines.
E. Fabrication of LNA
On successful completion of the LNA design and simulation, the microstrip schematic was converted to the physical layout which was then fabricated. The layout and fabricated LNA is as shown in Fig. 11 . The microstrip lines in the physical layout were now printed on the printed circuit board (PCB). After fabrication, the active component of the LNA circuit which is the NEC76038A transistor was soldered unto the board in the gap made for it. The two source pins of the transistor were soldered underneath the board via copper wires to act as ground for the transistor. The input and output ports were also soldered to make contact with the feed lines for connection to the testing device. Testing of the fabricated LNA was carried out using HP8753D vector network analyser virtual (VNA) with a frequency range of 30 kHz to 3 GHz. VNA is a test equipment that allows the characterization of the RF performance of radio frequency and microwave devices in terms of the network scattering parameters [13] .
In this research, VNA was used to measure the gain and reflection coefficients of the LNA. The VNA ports were first calibrated by applying some known routines to it so as to enhance its measurement accuracy and errors such as input and output matching errors and frequency related errors were corrected. Correction of errors related to the forward reflection coefficient S11 were done by connecting the device to port 1 and measurement was taken in both open and close circuit mode. The process was also carried out for correction of errors related to the reverse reflection coefficient S22. In this case, the calibration device was connected to port 2 and the steps used for port 1 calibration repeated. Again calibration was carried out to correct the transmission coefficient S21 error. In the process, the calibration device was connected across port1 and port 2 and measured as a true circuit.
The LNA was then tested by using a DC biasing via VNA. It is important to note that the transistor (NE76038A) is a depletion mode MESFET and therefore is triggered on by a negative gate to source voltage. The noise figure measurement of the LNA cannot be carried out by the VNA as stated above. So the noise figure was deduced from the gain measured from the device because the gain is related to the noise figure from the compromise reached between both parameters. The measurement obtained from the VNA is shown in Fig. 12 . It shows a further reduction of the device gain from the simulation value of 14.25 dB down to13.76dB after fabrication at the operation frequency of 1.5 GHz. 
IV. RESULT COMPARISON (SIMULATION AND FABRICATION
The plots obtained from the simulation and the fabricated LNA are combined on the same graph as in Fig. 13 . It is observed from the plot that at the design frequency of 1.5 GHz, the gain obtained from the simulated circuit is 14.25 dB while that obtained from the fabricated LNA is 13.76 dB, showing a gain drop of 0.49 dB. This drop in gain is of very negligible value which can easily be caused by power dissipation during the soldering of the transistor. There was no outright modification in the circuit owing to the fact that the gain difference was of little value.
V. CONCLUSION
In this work, a microwave LNA was designed, simulated and fabricated at a frequency 1.5GHz using a microwave office and an NEC76038A transistor. It is uncommon to design an LNA with this level of low frequency and a low noise figure without losing signal quality. A typical LNA has a gain and noise figure of about 15dB and 1dB respectively. The researchers were able to design, simulate and fabricate an LNA at this low frequency (1.5GHz) and achieved a gain of 14.25dB and low noise figure of 1.56dB during simulation, and then after fabrication obtained 13.76 and 1.57dB for gain and low noise figure respectively. This is reasonably close to the typical value of an LNA.
Future work would be to enhance and miniaturize the LNA to better fit into modern communication systems which are in micrometer and nanometer scales.
